Objective: To assess whether physical activity, diet or inflammation is a more important determinant of body mass index (BMI) and body fat (BF) in patients with rheumatoid arthritis (RA). Methods: A total of 150 RA patients (102 female) were assessed for BMI and BF. Their habitual physical activity was assessed with the international physical activity questionnaire (IPAQ) and their energy intake with a 3-day food diary. Pro-inflammatory cytokines (interleukins, IL-1 and IL-6, and tumor necrosis factor-a), erythrocyte sedimentation rate, C-reactive protein, disease activity score-28 and physical function (Health Assessment QuestionnaireFHAQ) were also measured. Results: BMI correlated inversely with IPAQ (r ¼ À0.511, P ¼ 0.000) and positively with energy intake (r ¼ 0.331, P ¼ 0.016) and HAQ (r ¼ 0.133, P ¼ 0.042). BF correlated inversely with IPAQ (r ¼ À0.575, P ¼ 0.000) and positively with HAQ (r ¼ 0.201, P ¼ 0.037). Normal weight patients were more physically active compared with those who were either overweight (P ¼ 0.006) or obese (P ¼ 0.000). Underweight patients consumed significantly fewer calories compared with other patients (Po0.05 in all cases). Cytokines or HAQ did not differ between weight groups. IPAQ was the sole predictor of obesity, whereas energy intake was the sole predictor of underweight. Conclusions: Inflammation does not seem to influence BMI and BF in RA. As in the general population, high levels of habitual physical activity associate with low BMI and BF in RA. Energy intake is a major determinant of being underweight in those who consume fewer calories. Further research is needed to investigate the suitability of exercise and diet modalities, and their effects on the body composition of RA patients.
Introduction
Obesity is a major health concern in the general population. It is associated with several diseases, 1 but most importantly, it is an independent predictor for the development of cardiovascular disease. 2 Obesity is caused by a quantitative imbalance between energy intake and expenditure. Physical inactivity and overfeeding are the two main reasons for its development in otherwise healthy individuals; 3 genetic characteristics can only enhance or minimize the effects of any lifestyle. 4 In rheumatoid arthritis (RA), the pathophysiology of obesity may be more complicated. RA, the most common inflammatory arthritis, is characterized by increased systemic inflammation that leads to joint pain and damage, and eventually to physical dysfunction. 5 Increased levels of pro-inflammatory cytokines affect energy metabolism and body composition. 6 RA patients exhibit increased levels of resting energy expenditure; 7 however, the excess calories come from muscle breakdown 6 leading to reduced muscle mass in the presence of stable body weight, a condition known as rheumatoid cachexia. 8 Even though rheumatoid cachexia is not consistently reported in all studies, 9 RA seems to be associated with increased body fat (BF) content for a given body mass index (BMI). 10 Control of inflammation, despite reducing disease activity, does not appear to improve BMI or BF of RA patients, at least in the short and medium term. 11 This indicates that other stimuli, such as increased physical activity and optimized energy intake are necessary to initiate calorific expenditure and muscle synthesis. It is, however, not known whether they can indeed influence that sequence and reduce (or increase) the negative effect of inflammation on body weight and composition of RA patients. The aim of this study was to assess the cross-sectional associations between physical activity, energy intake and inflammation with body weight and composition in patients with RA. Table 1 .
Materials and methods

Participants
Procedures
Participants were asked to visit the testing venue early in the morning after a 12 h overnight fast. They were also instructed to keep their physical activity levels to a minimum the day before the assessment. All volunteers were subjected to the same data collection procedures overseen by the same trained investigators. On arrival, participants' anthropometric characteristics and body composition were assessed. Then, RA disease characteristics were assessed and a blood sample was drawn. The physical activity questionnaire was completed after that, whereas the food diary was given to the patients with instructions on how and when to fill it in.
Assessments
Anthropometry and body composition. Standing height was measured to the nearest 0.5 cm on a Seca 214 Road Rod portable stadiometer (Seca gmbh & co kg, Hamburg, Germany). Body composition was assessed by bioelectrical impedance, using a Tanita BC-418 MA Segmental Body Composition Analyzer (Tanita Corporation, Tokyo, Japan). BMI (kg m
À2
) was calculated on the basis of measured height and weight. The recently published RA-specific BMI cutoff points (that is, 23 kg m À2 for overweight and 28 kg m À2 for obesity) were used to categorize patients as underweight, normal weight, overweight or obese.
10
Physical activity and energy intake. The long version of the self-administered international physical activity questionnaire (IPAQ) was used to record physical activity. This questionnaire is divided into five parts requesting information about the physical activities (job-related, transportation, housework, leisure time and time spent sitting) that the participants had undertaken over the 7 days before the assessment. The same nurse always helped the patients to fill in the questionnaire. The IPAQ has been extensively used for research purposes, and it is valid and reliable. 13 Energy intake was assessed with a 3-day dietary recall questionnaire. 14 Abbreviations: BF, body fat; BMI, body mass index; CCP, cyclic citrullinated peptide; CRP, C-reactive protein; DAS28, disease activity score-28; DMARD, disease-modifying anti-rheumatic drug; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; IL, interleukin; IPAQ, international physical activity questionnaire; METmin, metabolic equivalents per week; NSAID, non-steroidal anti-inflammatory drug; RF, rheumatoid factor; TNF-a, tumour necrosis factor-a.
Patients received verbal and written
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A Stavropoulos-Kalinoglou et al instructions on its use; specifically, they were asked to report in detailFusing household measures for portion sizeFall the food and drink they consumed over 3 nonconsecutive days (including a weekend day) during the week after the assessment. Such questionnaires are known to have good validity and reliability. 14,15 Total daily energy intake and percentage of carbohydrate, fat and protein intake were calculated using the diet analysis software (Compeat 4.0, Nutrition Systems, Banbury, UK).
RA characteristics and pro-inflammatory cytokines. Inflammation was assessed by the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). The Disease Activity Score-28 (DAS28) was used to assess clinical disease activity. 16 The anglicized version of the Stanford Health Assessment Questionnaire (HAQ) was used to measure functional disability as a proxy for disease severity 17 reflecting cumulative disease activity over time. 18 Disease duration (that is, time from symptom onset), RA medication (that is, non-steroidal anti-inflammatory drugs, NSAIDs, diseasemodifying anti-rheumatic drugs, DMARDs and steroids) and smoking habits (that is, current smoker, ex-smoker or never-smoker) were recorded from reviewing the clinical notes of the patients. Pro-inflammatory cytokines (that is, interleukins, IL-1 and IL-6, and tumor necrosis factor-a) were assessed in stored serum in batches. Venous blood was collected and centrifuged at 4000 r.p.m. for 6 min. The supernatant was collected in aliquots and frozen immediately at À80 1C. Specimens were analyzed using a Beckman Coulter Cytomics FC 500 Flow Cytometry system (Beckman Coulter Inc, Fullerton, CA, USA) and a Bender Medsystems Flowcytomix assay (Bender Medsystems GmbH, Vienna, Austria). The mean coefficients of variation of the assays are IL-1b: intra-assay 9.3%, inter-assay 5.8%; IL-6: intra-assay 6.2%, inter-assay 7.1%; and tumor necrosis factor-a: intra-assay 6.3%, interassay 3.3%. The lowest detectable values for IL-1b, IL-6 and tumor necrosis factor-a are 4.2, 1.2 and 3.2 pg ml À1 , respectively. The highest detectable value is 20 000 pg ml À1 for all cytokines.
Data management and analyses
Data were inserted in a purpose-designed spreadsheet (Microsoft Excel 2003) and audited for accuracy weekly. They were exported for analysis to The Statistical Package for Social Sciences version 15.0 (SPSS Inc, Chicago, IL, USA). The Kolmogorov-Smirnov test of normality was used to assess dispersion of the variables. The analytic strategy comprised three steps. The first step was used to assess the associations of BMI and BF as linear variables with physical activity, energy intake and disease characteristics (ESR, CRP, DAS28, pro-inflammatory cytokines, HAQ and disease duration) using Spearman's correlations. Results were corrected for variables known to affect BMI and BF in RA (that is, age, sex 10 and smoking 19 ) and RA medication. The second step investigated potential interactions between physical activity, energy intake and disease characteristics in their association with BMI and BF again as continuous variables. Univariate analyses with either BMI or BF as dependent variables, sex as a fixed factor, and age, physical activity, energy intake and disease characteristics (including RA medication) as covariates were used. In the third step, patients were categorized into underweight, normal weight, overweight or obese, according to their BMI, 10 and into low-fat, normal fat, overfat or obese, according to sex-specific BF cutoff points. 20 Analysis of variance was used to identify differences between groups for physical activity, energy intake, ESR, CRP, DAS28, HAQ and cytokines. Results were standardized for age, sex, smoking status, disease duration and RA medication using analysis of co-variance. Binary logistic models were then devised to identify which of the variablesFIPAQ, energy intake or disease characteristicsFhad the closest association with obesity or underweight. Age, sex, smoking and RA medication were included in the initial models. Statistically nonsignificant variables were eliminated and only those with significant associations qualified for the final model. Dispersion of data is reported as median (interquartile range). Results of the logistic models are reported as odds ratios with 95% confidence intervals (OR, 95% CI). Statistical significance was set at Po0.05.
Results
Step 1 Body mass index. BMI correlated inversely with IPAQ (r ¼ À0.511, P ¼ 0.000) and positively with energy intake (r ¼ 0.331, P ¼ 0.016) and HAQ (r ¼ 0.133, P ¼ 0.042). There were no significant correlations between BMI and ESR, CRP, DAS28, disease duration or any of the inflammatory cytokines assessed. These associations were independent of any of the potential confounding factors studied (age, sex, smoking and RA medication).
Body fat. Body fat correlated inversely with IPAQ (r ¼ À0.575, P ¼ 0.000) and positively with HAQ (r ¼ 0.201, P ¼ 0.037). There were no significant correlations between BF and ESR, CRP, DAS28, disease duration or any of the inflammatory cytokines assessed. Again, these associations were independent of age, sex, smoking and RA medication.
Step 2 When the interactions of IPAQ, energy intake and disease characteristics were examined, univariable analyses indicated that BMI had the strongest association with IPAQ (F 1À148 ¼ 12.01; P ¼ 0.001), followed by total energy intake (F 1À148 ¼ 6.624; P ¼ 0.014). BF associated only with IPAQ (F 1À148 ¼ 11.858; P ¼ 0.001). These associations were independent of any interactions between the variables or with disease characteristics. The associations of BMI and BF with Predictors of obesity in rheumatoid arthritis A Stavropoulos-Kalinoglou et al HAQ observed earlier were lost and cytokines again did not associate with either of the dependent variables.
Step 3 Body mass index. Normal weight patients were more physically active compared with both overweight (P ¼ 0.006) and obese (P ¼ 0.000) patients, whereas underweight patients consumed significantly fewer calories compared with all other patients (Po0.05 in all cases; Figures 1a  and b ). Normal weight patients had lower HAQ scores compared with all other participants; however, the differences were not statistically significant. Levels of proinflammatory cytokines did not differ between groups. The above results were independent of any possible confounders. Binary logistic models indicated that among the tested variables, IPAQ was the sole predictor of obesity (OR ¼ 0.988, 95% CI: 0.982-0.996; P ¼ 0.023). Patients in the lowest IPAQ quartile were six times more likely to be obese (OR ¼ 6.0, 95% CI: 4.432-8.991; P ¼ 0.001) and those in the second lowest quartile 4.5 times more likely to be obese (OR ¼ 4.571, 95% CI: 2.903-6.012; P ¼ 0.032) compared with those in the highest IPAQ quartile. In contrast, energy intake was the only predictor for underweight (OR ¼ 0.990, 95% CI: 0.982-0.999; P ¼ 0.025).
Body fat. Normal fat patients were significantly more physically active compared with both overfat (P ¼ 0.004) and obese (P ¼ 0.000), whereas underfat patients consumed significantly fewer calories compared with overweight (P ¼ 0.028) and obese participants (P ¼ 0.000; Figures 1c  and d) . Again, normal fat patients tended to have lower HAQ, but the differences between groups were not statistically significant. Cytokines again did not differ between groups. After corrections for age, sex and smoking, the observations for physical activity persisted. However, after corrections for smoking (alone and in combination with age and sex), the difference in energy intake between groups was nonexistent 
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A Stavropoulos-Kalinoglou et al (F 1À148 ¼ 2.114; P ¼ 0.112). In the binary logistic models, in which the interaction of physical activity, energy intake and inflammation was tested, only IPAQ was found to associate with obesity (OR ¼ 0.991, 95% CI: 0.983-0.997; P ¼ 0.008).
Patients in the lowest quartile of IPAQ were 7.5 times more likely to be obese (OR ¼ 7.562, 95% CI: 4.499-12.152; P ¼ 0.004) and those in the second lowest quartile 5.5 times more likely to be obese (OR ¼ 5.500, 95% CI: 2.145-8.412; P ¼ 0.033) compared with those in the highest IPAQ quartile. None of the variables in question (that is, physical activity, energy intake and inflammation) predicted underfat.
Discussion
To our knowledge, this is the first study to assess the possible interactions between lifestyle and inflammation in their associations with body weight and composition in RA patients. Our results indicate that higher levels of physical activity were associated with lower BMI and BF; physically active patients were significantly less likely to be overweight or obese compared with their inactive counterparts. In contrast, energy intake did not differ between normal weight, overweight and obese patients. However, underweight patients consumed significantly fewer calories compared with other participants even though their activity levels were comparable. Inflammation did not differ between the patients and body weight, or BF classification was not affected by it. Before we discuss the interpretation of these results, we stress that this is a cross-sectional study and it cannot provide causality or directionality of the associations found. In addition, bioelectrical impedance is considered to be valid [21] [22] [23] [24] [25] and suitable for body composition studies in diverse population groups, [24] [25] [26] [27] but it has not been specifically validated in RA; nevertheless, it is widely used in RA research. 7, 10, 11, 19, 26, 28 Obese individuals tend to underreport energy intake in food diaries; 29 however, the strict and detailed instructions provided to our participants and the experience of the investigators should have minimized any misreporting. Finally, the IPAQ, even though widely used in research and extensively validated, 13 has also not been tested specifically in RA patients. In individuals free from any metabolic disorders, body weight and composition depend almost exclusively on lifestyle. 30 When energy needs are met by energy supply, body weight is maintained. Disturbances in this balance can cause weight gain or loss. Increasing physical activity and overfeeding or underfeeding are the main such disturbances. Overall, physical activity reduces body weight by burning away BF while preserving or slightly increasing muscle mass.
Overfeeding results in increased body weight, mainly by increasing BF; underfeeding results in reduced body weight from concomitant decreases in both BF and muscle mass (in a ratio of about 3:1). 30 These processes seem to hold true for our participants as well. Patients with higher levels of habitual physical activity had significantly lower prevalence of obesity and also presented lower levels of BF compared with patients with low levels of physical activity. In addition, reduced energy intake associated with underweight (as indicated by low BMI), but not with underfat (as indicated by low BF). In a disease that is associated with muscle wasting, such as RA, underfeeding could result in accelerated muscle depletion, leading to decreased overall weight but not BF. 6 Earlier studies have proposed an association between inflammation and body composition among RA patients. During periods of high disease activity, hypersecretion of cytokines, especially tumor necrosis factor-a, is suggested to enhance muscle wasting. 31 In our participants, the chronic inflammatory load of the disease, as reflected in the HAQ, 18 seemed to associate both with BMI and BF in the initial analyses. When, however, IPAQ was introduced as a confounder, these associations were lost. Participants in this study had, on average, relatively high levels of disease activity (DAS ¼ 4 (2.6-5.2)); therefore, any potential effects of inflammation on body composition would likely be evident in this sample. Thus, it seems that the effects of inflammation on body composition are mediated through physical (in)activity. The design of our study does not allow us to draw safe conclusions about the sequence at which the above-described processes occur. However, the most likely path by which inflammation, physical activity and diet affect body composition is the following: during active disease, inflammatory processes reduce muscle mass. Physical activity during these periods is lowered 32 and generally patients consume fewer calories. 11 During periods of less active disease, physically active patients provide adequate stimuli for their muscles to initiate reconstructive processes and also expend enough energy to reduce their body weight/ fat. Those who do not meet their energy needs with their diet continue to lose body weight and muscle mass. However, the main question still remains: how much exercise is enough? Only the most active of our participants achieved activity levels comparable with those reported in the general population. 33 From our data, it seems that even moderate levels of physical activityFwhen accompanied by a balanced dietFare adequate to maintain a desirable BMI and BF in patients with RA. This is further supported by the fact that we were not able to trace any significant effect of the type (that is, work related, transportation, household or recreational) or intensity of the physical activity on either BMI or BF. This is in agreement with observations made in the general population: individuals who exhibit moderate levels of physical activity throughout their lives have significantly lower BMI compared with those with low levels of habitual physical activity or even those who engage in opportunistic exercise. 34 Our observation on the balanced diet of RA patients is not new, 35 but our finding that reduced energy intake associates with underweight status in this population has not been Predictors of obesity in rheumatoid arthritis A Stavropoulos-Kalinoglou et al described earlier. This finding is in line with the data produced by Marcora et al., 36 suggesting that increased protein intake can reverse cachexia in RA patients.
In conclusion, among the RA patients, habitual physical activity seems to be the major determinant of obesity: increasing levels of such activity is associated with reducing levels of BMI and BF. Energy intake is generally well balanced in RA patients, but if low, it could be a major determinant of an underweight state. Identifying causes of obesity could help in its control and given the adverse effects of obesity [37] [38] [39] and its high prevalence in RA, 10 its control could provide significant health benefits. Further research investigating the suitability of exercise modalities and diet, and the resulting effects on body composition of RA patients, is necessary.
